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,QWHUQDWLRQDO&RQIHUHQFHRQ$SSOLHG3K\VLFVDQG,QGXVWULDO(QJLQHHULQJ
$LUFRQGLWLRQ&RQWURO6\VWHPRI:HDYLQJ:RUNVKRS%DVHG
RQ/DE9,(:
-LDQ6RQJ
&ROOHJHRI0DFKLQHU\:HLIDQJ8QLYHUVLW\:HLIDQJ&KLQD


$EVWUDFW
7KH SURMHFW RI DLUFRQGLWLRQPHDVXUHPHQW DQG FRQWURO V\VWHP EDVHG RQ /DE9,(: LV SXW IRUZDUG IRU WKH VDNH RI
FRQWUROOLQJ HIIHFWLYHO\ WKH HQYLURQPHQWDO WDUJHWV LQ WKHZHDYLQJ ZRUNVKRS ,Q WKLV SURMHFW ZKLFK LV EDVHG RQ WKH
YLUWXDO LQVWUXPHQW WHFKQRORJ\ DQG LQ ZKLFK /DE9,(: GHYHORSPHQW SODWIRUP E\ 1, LV DGRSWHG WKH V\VWHP LV
FRQVWUXFWHGRQWKHEDVLVRIWKHYLUWXDOLQVWUXPHQWWHFKQRORJ\,WLVFRPSRVHGRIWKHXSSHU3&FHQWUDOFRQWUROQRGHV
EDVHG RQ && VHQVRU QRGHV VHQVRU PRGXOHV DQG H[HFXWLYH GHYLFH )X]]\ FRQWURO DOJRULWKP LV HPSOR\HG WR
DFKLHYHWKHDFFXUDF\FRQWURORIWKHWHPSHUDWXUHDQGKXPLGLW\$XVHUIULHQGO\PDQPDFKLQHLQWHUDFWLRQLQWHUIDFHLV
GHVLJQHG ZLWK YLUWXDO LQVWUXPHQW WHFKQRORJ\ DW WKH FRUH RI WKH VRIWZDUH ,W LV VKRZQ E\ H[SHULPHQWV WKDW WKH
PHDVXUHPHQWDQGFRQWUROV\VWHPFDQUXQVWDEO\DQGUHOLDEO\DQGPHHWWKHIXQFWLRQDOUHTXLUHPHQWVIRUFRQWUROOLQJWKH
ZHDYLQJZRUNVKRS

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\ZRUGV/DE9,(:GDWDFROOHFWLRQGHYLFHWHPSHUDWXUHWUDQVPLWWHUKXPLGLW\VHQVRUZHDYLQJZRUNVKRS
,QWURGXFWLRQ
:LWK WKH GHYHORSPHQW RI WKH WH[WLOH LQGXVWU\ WKHUH DUH KLJKHU DQG KLJKHU GHPDQGV IRU WKH
HQYLURQPHQWDO LQGH[RIWKHZHDYLQJZRUNVKRSWKHNH\WRZKLFKLVWKHUHJXODWLRQRIWKHWHPSHUDWXUHDQG
KXPLGLW\>@,WLVRIJUHDWVLJQLILFDQFHWRPDLQWDLQDFHUWDLQWHPSHUDWXUHDQGKXPLGLW\LQDFFRUGDQFHZLWK
GLIIHUHQWSURGXFWLRQYDULHWLHVIRUWKHSURGXFWTXDOLW\SURGXFWLRQUDWHDQGWKHODERULQWHQVLW\RIWKHZRUNHUV
>@
/DE9,(:DYLUWXDOLQVWUXPHQWSODWIRUPGHYHORSHGE\1DWLRQDO,QVWUXPHQW1,LVDGHYHORSPHQWWRRO
IRU FUHDWLQJ DSSOLFDWLRQV XVLQJ LFRQ FRGH LQVWHDG RI WH[W SURJUDPPLQJ ODQJXDJH >@ >@ 7KH GDWD
DFTXLVLWLRQ V\VWHP GHVLJQHG ZLWK /DE9,(: FDQ VLPXODWH YDULRXV VLJQDO DFTXLVLWLRQV DQG EULQJV JUHDW
FRQYHQLHQFHWRWKHGHYHORSPHQWRIWKHPHDVXUHPHQWDQGFRQWUROV\VWHP>@,QRUGHUWRFRQWUROHIIHFWLYHO\
WKHZHDYLQJZRUNVKRSHQYLURQPHQWHQKDQFHWKHSURGXFWLRQDQGPDQDJHPHQWSURFHVVOHYHODQGLPSURYH
WKH SURGXFW TXDOLW\ LQ WKLV SDSHU WKH DLUFRQGLWLRQ PHDVXUHPHQW DQG FRQWURO V\VWHP IRU WKH ZHDYLQJ
ZRUNVKRSLVGHVLJQHGDQGGHYHORSHGLQZKLFK/DE9,(:E\1,LVDGRSWHGDVWKHVRIWZDUHSODWIRUPZLWKD
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KDUGZDUHVWUXFWXUHRI3&SOXV'DWD$FTXLVLWLRQ&DUG'$4DQGYLUWXDOLQVWUXPHQWWHFKQRORJ\LVDSSOLHG
WRWKHFRQWURORIWHPSHUDWXUHDQGKXPLGLW\LQWKHZHDYLQJZRUNVKRS
+DUGZDUH&RPSRQHQWV
7KH DLUFRQGLWLRQ PHDVXUHPHQW DQG FRQWURO V\VWHP IRU WKH ZHDYLQJ ZRUNVKRS LV D W\SLFDO GDWD
DFTXLVLWLRQV\VWHPZKRVHKDUGZDUHV\VWHPHPSOR\VYLUWXDOLQVWUXPHQWV\VWHPEDVHGRQ'DWD$FTXLVLWLRQ
&DUG'$47KHKDUGZDUHVWUXFWXUHEORFNGLDJUDPLVVKRZQDVLQ)LJ
)LJXUH %ORFNGLDJUDPRIWKHKDUGZDUHVWUXFWXUH
'DWD$FTXLVLWLRQ&DUG'$4
'DWD $FTXLVLWLRQ RI WKH YLUWXDO LQVWUXPHQW V\VWHP EDVHG RQ /DE9,(: LV SHUIRUPHG WKURXJK WKH
LQWHUIDFHGGHYLFHVZKRVHPDLQFKDQQHOLVYLD'$4FDUG3&,(FDUGSURGXFHGE\1,LVFKRVHQDVWKH
'$4FDUGRIWKLVV\VWHPIRUWKHVDNHRIGLUHFWGULYLQJLQ/DE9,(:HQYLURQPHQW
3&,(FDUGLVDELWPXOWLFKDQQHOGDWDDFTXLVLWLRQPRGXOHZKLFKLQWHJUDWHVVXFKIXQFWLRQVDV
$' FRQYHUVLRQ '$ FRQYHUVLRQ DQG GLJLWDO ,2  ,W KDV86% VLQJOHHQGHG86% GLIIHUHQWLDO DQDORJ
LQSXWZKRVHVDPSOHUDQJHFDQEHXSWR.6VDQGZKRVHLQSXWUDQJHIURPWR9ZLWKHLJKW
977/GLJLWDO,2OLQHVDQGWZRELWWLPHUVFRXQWHUV
7HPSHUDWXUH7UDQVPLWWHU
7KH/0VHULHVSURGXFHGE\16DUHDNLQGRILQWHJUDWHGWHPSHUDWXUHWUDQVPLWWHUZLWKKLJKDFFXUDF\
DQGVLPSOHDGMXVWDELOLW\ZKRVHSHUIRUPDQFHFKDUDFWHULVWLFVDUHDQDORJRXVWR=HQHUGLRGH7KHVHQVLWLYLW\
RI WKLV GHYLFH LVP9. WKHG\QDPLF LPSHGDQFH LV OHVV WKDQȍ WKH FXUUHQWPDUJLQ LV IURPȝ$WR
P$WKHDFFXUDF\LV DQGWKHWHPSHUDWXUHUDQJHVIURPć  WR ć ć 
+XPLGLW\6HQVRU
)RUWKH-&-+KXPLGLW\VHQVRUWKHPHDVXUHPHQWUDQJHLVIURP5+WKHDFFXUDF\5+
DQGWKHIXQGDPHQWDOHUURU)6%HFDXVHWKHKXPLGLW\VHQVLWLYHFDSDFLWRURIKLJKDFFXUDF\LVDGRSWHG
LQ FRQMXQFWLRQ ZLWK WKH OLQHDU DPSOLI\LQJ FLUFXLW DQG WKH WHPSHUDWXUHFRPSHQVDWLRQ FLUFXLW LW KDV VXFK
DGYDQWDJHVDVKLJKVHQVLWLYLW\EHWWHUVWDELOLW\KLJKDFFXUDF\UHOLDEOHSHUIRUPDQFHDQGORQJVHUYLFHOLIH
5HJXODWLQJ([HFXWLYH'HYLFH
7KHUHJXODWLQJH[HFXWLYHERG\RIWKHV\VWHPLVWKHYHQWLODWLRQDQGKXPLGLW\UHGXFLQJGHYLFHVGULYHQE\
WKHHOHFWULFPRWRUFRQWUROOHGE\ WKHIUHTXHQF\FRQYHUWHUV$V WKHYHQWLODWLRQIDQZRUNVXQGHUD ORQJDQG
FRQWLQXRXV FRQGLWLRQ ZKLFK EHORQJV WR FRQWLQXRXV FRQVWDQW ORDG WKHUH LV QR RYHUORDG LQ QRUPDO
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
FLUFXPVWDQFHV2QYLHZRIWKHDERYHWZRSRLQWV$&IUHTXHQF\FRQYHUVLRQVSHHGUHJXODWRUIRUWKHWDLORUHG
YHUVLRQRIWKHIDQLVVHOHFWHG
'HVLJQRI)X]]\&RQWUROOHU
6LQFH WKH WHPSHUDWXUH DQG WKHKXPLGLW\ LQ WKHZHDYLQJZRUNVKRSZKLFK DUHPXFK LQWHUIHUHGE\ WKH
H[WHUQDO HQYLURQPHQW LV D WLPHYDU\LQJ QRQOLQHDU V\VWHP ZLWK DQ XQHYHQ GLVWULEXWLRQ RI WKH SK\VLFDO
TXDQWLW\LWLVGLIILFXOWWREXLOGDSUHFLVHPDWKPRGHODQGWRUHDFKDVDWLVI\LQJHIIHFWZLWKWKHFODVVLF3,'
FRQWURO)XUWKHUPRUHLWUHTXLUHVPRUHRIWKHV\VWHPHFRQRP\EXWOHVVRIFRQWUROWLPHDQGWUDFNLQJHUURUV,W
LVVXLWDEOHIRUIX]]\FRQWUROZKLFKSRVVHVVHVVWURQJUREXVWQHVVWREHDGRSWHGLQWKLVKLJKLQHUWLDOQRQOLQHDU
V\VWHPDVLWLVQRWUHTXHVWHGWRHVWDEOLVKDPDWKPRGHOIRUWKHFRQWUROOHGREMHFW7KHUHIRUHIX]]\FRQWURO
DOJRULWKPLVXVHGWRFRQWUROWKHZHDYLQJZRUNVKRSV\VWHP
7KHWHPSHUDWXUHDQGWKHKXPLGLW\DUHVHUYHGDVWKHPDVWHUFRQWUROIDFWRURIIX]]\FRQWURO$QRXWSXW
YDULDEOH LVREWDLQHG WKURXJK IX]]LILFDWLRQ IX]]\ UHDVRQLQJ DQGGHIX]]LILFDWLRQ WR FRQWURO WKHYHQWLODWLRQ
IDQ WKXV DFKLHYLQJ WKHJRDO RII FRQWUROOLQJ WKHZRUNVKRSHQYLURQPHQW7KH IX]]\ FRQWURO JHQHUDO WDEOH
ZKLFKLVZRUNHGRXWLQWKHRIIOLQHPRGHLVZULWWHQGLUHFWO\LQWRWKHLQWHUQDOSURJUDPPHPRU\LQWKHIRUP
RIPDWUL[:LWKQRQHHGIRUFRPSOH[RSHUDWLRQGXULQJZRUNUHDOWLPHFRQWUROFDQEHFRQGXFWHGE\ZD\RI
WDEOHORRNXS)LJLVWKHIORZFKDUWRIIX]]\FRQWUROVRIWZDUH
)LJXUH )ORZFKDUWRIIX]]\FRQWUROVRIWZDUH
6RIWZDUHGHVLJQ
:KHQ WKH KDUGZDUH FLUFXLW LV GHWHUPLQHG WKH V\VWHP VRIWZDUH LV SURJUDPPHG XVLQJ /DE9,(: WKH
YLUWXDOLQVWUXPHQWGHYHORSPHQWSODWIRUPE\1,/DE9,(:LVDJUDSKLFDOSURJUDPPLQJODQJXDJHZKLFKLV
VLPSOH DQG LQWXLWLYH DQG WKH PRVW ZLGHO\ DSSOLHG DQG PRVW SRZHUIXO YLUWXDO LQVWUXPHQW GHYHORSPHQW
SODWIRUPDWSUHVHQW>@>@
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2YHUDOO6RIWZDUH6WUXFWXUH
7KH VRIWZDUH VWUXFWXUH RI WKH FRQWURO V\VWHP LV VKRZQ DV LQ )LJ7KHPDVWHU FRQWUROPRGXOH WDNHV
FKDUJH RI WKH V\VWHP LQWHUIDFH PDQDJHPHQW SURJUDP IORZ FRQWURO DQG WKH FRRUGLQDWLRQ DQG
FRPPXQLFDWLRQ DPRQJ WKH PRGXOHV 7KH URWDWH VSHHG FRQWURO DQG DFTXLVLWLRQ PRGXOH FRQWUROV WKH IDQ
PRWRU URWDWH VSHHG DQG FROOHFWV WKH YHORFLW\ VHQVRU VLJQDOV 7KH GDWD SURFHVVLQJ DQG GLVSOD\ PRGXOH
SURFHVVHVWKHDFTXLUHGVHQVRUVLJQDOVDQGGLVSOD\VWKHPRQWKHIURQWSDQHO7KHGDWDPDQDJHPHQWPRGXOH
SHUIRUPVWKHIXQFWLRQVRIGDWDVWRUDJHDQGSOD\EDFNDQGUHSRUWJHQHUDWLRQHWF

)LJXUH %ORFNGLDJUDPRIWKHVRIWZDUHVWUXFWXUH
7KH0DVWHU3URJUDPV
7KHPDVWHUFRQWUROPRGXOHLVDWWKHPDQDJHPHQWDQGFRQWUROOHYHODQGLQYRNHVRWKHUPRGXOHVE\PHDQV
RIHYHQWGULYHQ:KHQWKHPDLQSURJUDPUXQV ILUVWO\WKHWHPSHUDWXUHDQGKXPLGLW\YDOXHDUHVHWXSDQG
WKHQ³'HWHFWLRQ6WDUW´EXWWRQLVFOLFNHGLQIRUPDWLRQRIWHPSHUDWXUHDQGKXPLGLW\LVFROOHFWHGE\WKHGDWD
DFTXLVLWLRQPRGXOHWKURXJKPXOWLFKDQQHOVDQGSURFHVVHGE\WKHGDWDSURFHVVLQJPRGXOHWKXVWKHGULYLQJ
IUHTXHQF\RIWKHUHJXODWLQJIDQLVREWDLQHG
7KH)URQW3DQHO
7KHIURQWSDQHORIFRQWUROV\VWHPFRQVLVWVRI WKHGLVSOD\SRUWLRQDQGWKHFRQWUROSRUWLRQ7KHGLVSOD\
SRUWLRQVKRZVQXPHULFDOO\WKHWHPSHUDWXUHKXPLGLW\DQGWKHURWDWHVSHHGRIWKHIDQ7KHFRQWUROSRUWLRQ
FDQFKRRVHWKHWHPSHUDWXUHYDOXHDQGWKHKXPLGLW\

&ODULI\'HIX]]LI\RXWSXW
6WDUW
$'FRQYHUVLRQ
&DOFXODWH(DQG(F
)X]]LI\LQSXWYDOXHV
/RRNXSIX]]\YDOXHGWDEOH
6HQGWR=LJEHHQRGH
5HWXUQ
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&RQFOXVLRQ
6LJQDOVHQVRU WHFKQRORJ\DXWRPDWLFFRQWURO WHFKQRORJ\FRPSXWHUKDUGZDUHDQGVRIWZDUH WHFKQRORJ\
DUHFRPSUHKHQVLYHO\XVHG LQDLUFRQGLWLRQFRQWUROV\VWHPRI WKHZHDYLQJZRUNVKRSEDVHGRQ/DE9,(:
DQGYLUWXDOLQVWUXPHQWWHFKQRORJ\LVDSSOLHGWRWKHPHDVXUHPHQWDQGFRQWUROV\VWHP,WQRWRQO\DFKLHYHV
DXWRPDWLF WHVW EXW DOVR LPSURYHV WKH WHVWLQJ DFFXUDF\ H[SDQGV WHVW IXQFWLRQV VKRUWHQV WKH V\VWHP
GHYHORSPHQW F\FOH DQG UHGXFHV KDUGZDUH FRVWV ,W LV GHPRQVWUDWHG E\ WKH RSHUDWLRQDO WHVWV WKDW WKH
/DE9,(:EDVHGDLUFRQGLWLRQFRQWUROV\VWHPZRUNVVWDEO\DQGUHOLDEO\IXOO\PHHWLQJWKHUHTXLUHPHQWVRI
WKHZHDYLQJZRUNVKRS
$FNQRZOHGJPHQW
7KLV ZRUN LV VXSSRUWHG E\ 6KDQGRQJ 3URYLQFLDO 1DWXUDO 6FLHQFH )RXQGDWLRQ 1R<* DQG
6KDQGRQJ3URYLQFLDOXQLYHUVLWLHV6FLHQWLILF5HVHDUFK3URMHFW1R-/*
5HIHUHQFHV
>@ =5 -LQ< N+DQ -6RQJ ³,QWHOOLJHQW&RQWUROOLQJ6\VWHP%DVHGRQ&$1%XV IRU7H[WLOH:RUNVKRS´ -RXUQDO RI
:HLIDQJ8QLYHUVLW\YROSS$SULO
>@ ;< /L ³'LVFXVVLRQ RQ HQHUJ\ VDYLQJ GHVLJQ RI WH[WLOH DLU FRQGLWLRQLQJ V\VWHP´ 6KDQJKDL 7H[WLOH 6FLHQFH 	
7HFKQRORJ\YROSS0DUFK
>@ 4/XR:RUPJHDUUHGXFHUWHVWEHGEDVHGRQ/DE9,(:0HFKDQLFDODQG(OHFWULFDO(QJLQJHHULQJ0DJD]LQHYROSS
±$XJXVW
>@ -)<DQJ3)+DQ:3%DL'HVLJQRIVPDUWWRUTXHVHQVRUEDVHGRQ/DE9,(:(OHFWURQLF0HDVXUHPHQW7HFKQRORJ\
YROSS±$XJXVW
>@ //:DQJ+=KDQJ&RPSXWHUPHDVXUHPHQWDQGFRQWUROV\VWHPIRUWKHSXPSEDVHGRQ/DE9,(:&KLQHVH-RXUQDORI
6FLHQWLILF,QVWUXPHQWYROSS±$SULO
>@ -6DOLJD/0LFKDHOL6RIWZDUHIRUPHWURORJLFDOFKDUDFWHULVDWLRQRI3&VRXQGFDUGV&RPSXWHU6WDQGDUGV	,QWHUIDFHV
YROSS0DUFK
>@ -$ &DL 9LUWXDO LQVWUXPHQW IRU GHVLJQ DQG FRQWURO RSHUDWLRQ RQ WKH SLSH  QHWZRUN RI ZDWHU VXSSO\ $QKXL*RQJ\H
'D[XH;XHEDRYROSS-DQXDU\
